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Abstract—"Phantom Loads" cause energy waste in homes and 
the built environment as a whole. Consumers spend more than $3 
billion a year on "Phantom Load" in the United States alone. The 
goal of this paper is to conserve energy by increasing consumer 
awareness on their energy usage and reducing and /or 
eliminating phantom loads in the built environment. A further 
goal is to improve upon existing power distribution systems in the 
built environment with limited hardware additions to increase 
energy conservation. This paper investigates remote 
identification of load types and the locations along the electrical 
circuitry where they (load) are being consumed. The load type 
and status (on, off, standby) are determined both remotely and in 
a non-intrusive manner using Non-Intrusive Load Monitoring 
Methods. Time/Frequency Domain Reflectometry (TDR) is also 
being investigated to remotely locate energy consumption nodes 
along the electrical circuitry.  
Keywords-Power distibution, Phantom Loads, Time Domain 
Reflectometry, Non-Intrusive Load Monitoring. 
I.  INTRODUCTION 
The electric power sector is experiencing a major shift in its 
generation, transmission and distribution system, in an effort to 
reduce CO2 emissions, increase the use of renewable sources 
for a sustainable energy future and conserve precious resources 
by reducing energy consumption.  The distribution system 
particularly plays a role in the built environment as it is an 
enabling product, an intangible necessity used to power our 
systems.  The 2010 Annual Energy Outlook indicates a 14% 
increase in U.S. primary energy consumption from 2008 to 
2035, an average annual growth rate of 0.5%. Further, CO2 
emissions are projected to increase by 0.3% per year for the 
same time frame. This increase is mostly due to the electric 
power and transportation sectors.  According to United States 
Green Building Council (USGBC), the built environment in the 
United States accounts for 72% of electricity consumption, 
39% of energy use, 38% of all CO2 emissions, 40% of raw 
materials use, 30% of waste output (136 million tons annually), 
and 14% of potable water consumption[2]. Electricity 
consumed by an electronic device while it is turned off or in 
standby mode is known as "Phantom Load". Focus on Energy 
with Wisconsin Utilities estimates more than $3 billion dollars 
spent annually on phantom loads [3]. 
Active research into energy conservation in the built 
environment is focusing on more efficient and sustainable 
systems and energy consumption awareness and behavior 
change.  This behavior change is more prominent in the 
residential sector with Advanced Metering Initiatives and 
Infrastructure (AMI) being developed to empower the user and 
to facilitate the future of the smart grid [4]. Most of the 
research is addressing the energy consumption from a top 
approach, i.e. looking at total consumption to influence 
behavior.  A 2010 study by American Council for an Energy-
Efficient Economy (ACEEE) of 57 energy conservation 
projects from 1970-2010 found that feedback devices alone are 
unlikely to maximize energy savings[5].  Hence, there is a need 
to focus on creative and promising methods to encourage 
energy efficient lifestyles.  For example, identification of 
specific load and location has recently emerged to develop 
smart home/building to conserve energy and provide for 
comfortable living and working environment.  
In the process of creating a smart built environment, we are 
proposing to address energy needs using a bottom-up approach.  
The focus on this research will be on consumption and 
conservation at the electrical node, where an electrical node is a 
point on the electrical wiring system at which electrical current 
is taken to supply utilization equipment (load). Investigations 
are being done to develop non-intrusive and novel methods to 
identify the location of each node and the type and status of the 
connected loads. Information from these investigations will be 
used for modeling, simulation, and analysis to enable 
innovations in building information modeling (BIM), energy 
consumption performance, and energy conservation and 
recovery using impulse saving behavior at the residential level 
and demand side energy management at the commercial/utility 
level. Some emerging technologies employ a lot of hardware 
additions to existing circuitry to achieve the intended goal of 
this research. The ultimate goal of this research is to be able to 
identify and locate loads with minimal hardware additions to 
existing electrical circuitry in the built environment. Therefore, 
identification of location of loads and load types are being done
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Figure 8, Simulated TDR display of nodes shown in fig. 6. 
From the simulated results, the reflected signals by the 
TDR show a jump in signal amplitude from segment to 
segment along the conductor. The various node locations are 
shown on the graph as 8, 15, 18 and 24 meters respectively 
from the TDR location. The TDR therefore displays a jump in 
reflected wave amplitude when it encounters a change in 
impedance along the conductor. This simulation was done 
based on the assumption that the total impedance of a segment 
of the conductor is concentrated at the end of thatsegment. 
III. LOAD INDENTIFICATION 
Different application-specific methods have been 
investigated to understand how the load affects the power 
consumption, power quality, efficiency, reactive power 
compensation, system planning, and so forth. At the core of 
these approaches are the needs to understand the characteristic–
load signature.  Non-intrusive load monitoring (NILM) is one 
of the earliest approaches to nonintrusive monitoring and can 
determine the operating schedule of electrical loads in the 
target system from measurements made at a centralized 
location by identifying times in which the electrical power 
measurement changed from one nearly constant (steady- state) 
value to another, normally corresponding to loads either 
turning on or off and characterized by their magnitude and sign 
in real and reactive power. Reactive and active power is not 
unique and may become crowded and indistinguishable as the 
load number increases.  Research similar to this includes echo-
resonance load monitoring (ERLM), sign-up load registration 
(SULR), and developing a library and taxonomy of load 
signatures [8-13]. The following steps are used to define the 
state and type of Loads. Fig. 9 shows a block diagram 
representing the load identification process. 
 
Figure 9, Steps used in the Load Prediction 
 
A. Defining the type of load (Load Recognition) 
In this section, a real-time power monitoring system is 
developed for data acquisition. A Current and 
Voltage transducer integrated with op amps and 
microcontroller will be installed in the panel. Using these 
power sensor current and voltage waveforms are sampled every 
100 micro seconds, these samples (digital values) are sent to 
the computer via a serial port using the RS232 protocol. By 
using this process load characteristics will be measured and 
represented.  A signal processing technique and estimation 
algorithm will be created for signal filtering, signal 
disaggregation, and load recognition.   Previously, different 
methods have been used to understand the different load 
features (power quality, efficiency, reactive power 
compensation system planning, and load shedding). This 
approach tries to analyze the load signature.  The concept of 
load recognition for the purposes of this paper is based on the 
special load signature in which every load has a unique feature 
in its consumption behavior that is very close to a human 
signature.  Load features include the active and reactive power, 
current wave, and instantaneous power wave. The load 
disaggregation process is as follows: 
• Data acquisition:  First, the steady state and transient 
state signal will be captured. In the steady state, the 
fixed samples rate is set.  The transient signal is used 
to capture the waveform during switching. 
• Data Processing Model:  The data from the signals 
will be conditioned, and re-sampled to align the 
current respective to the voltage and filtering. 
• Event Detection: The data from the preceding steps 
will then be used to detect when the actual appliances 
are being switched on/off. 
• Pattern Recognition:  The artificial neural network 
(ANN) will be taught to learn the specific features of 
the different appliances and identify them.  In this 
study, Multi-layer-Feed forward neural network is 
selected. The method used to train the system is based 
on the neural network approach [15].   
• Committee Decision Mechanism:   This mechanism 
will be used to extract different features such as the 
PQ, current wave, harmonics, and the instantaneous 
power wave. This will be called the candidate pool. 
The committee Decision mechanism evaluates the 
potential solutions and renders the best final solution 
from a group of potential solutions [16]. 
B. Detecting Load States 
The steady state, or the condition in which the phantom 
load exists and lots of energy is wasted, will be defined. The 
transient state and steady state determine what load type is 
turned “on”. Therefore, the steady state plays a vital rule in 
terms of creating energy savings. The cluster analysis 
algorithm is used to locate these changes in two dimensional 
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signature of ∆p and ∆Q. The total load P[t] is sampled at a fast 
sampling rate, and the difference in ∆P[t]between the two 
consecutive readings is calculated [17]. 
The appliance switches on/off as a result of the increase or 
decrease in the power level.  In the first part of the study a 
bottom-up approach is used in which the majority of loads will 
be connected to sensors.  As the study progresses, the 
configuration will be changed so that there will be one sensor 
in centralized location rather than on each node.   The 
difference in the power level of the switching characteristics of 
the appliances is detected and calculated using the change in 
delta P, given below: 
∆P[t] =P[t]-P [t-1] 
When it is difficult to determine the difference between ∆P 
and ∆Q, another signature (like harmonics) can be used to 
define the loads[17]. 
C. Neural Network 
The neural network being employed for this research is the 
Multi-Layer Feed Forward. It is also known as the multi-layer 
perception (MLP) network. This neural network consists of one 
or more hidden layers, whose computational nodes are 
correspondingly called hidden neurons. The purpose of the 
hidden neuron is to add up more computation between the 
input and output layer of cores in some useful manner. The 
input signal is applied to the neurons in the second layer. The 
output signal of second layer is used as inputs to the third layer, 
and so on for the rest of the network.  
 
 
 
Figure 10: Topology of an MLP where R is the Number of Elements in the 
Input Vector, S is the Number of Neurons in the Layers, and Wij are the 
Weighting Factors between the Different Layers. 
An MLP operates in two steps, training and testing. Training 
functions are used to minimize the difference between outputs 
of MLP and the desired values of the network. When the 
training state is done, neural weights will be frozen and new 
input data will be used to conclude the suitable output [18]. 
 
1) Training  and Testing pattern of Neural Network  
The training process uses a trial and error method to achieve 
the optimal behavior of the network. The fastest training 
function is trainlm, which is also the default training function 
for feed forward net. Other methods such as quasi-Newton 
method and trainbfg will also be explored to determine the 
best training of the network. After achieving, the optimal 
training, the network will be tested for load prediction 
accuracy. The current method under investigation is the ANN 
tool.  
 
2) Preliminary Results of Neural Network 
Each neural network represents one pattern (load). Some loads 
have the same signature and confusion of load identification 
could be avoided using more signatures like reactive power and 
harmonics. Decision tree system is used on the neural network 
system as a committee decision maker. Fig. 11 shows block 
diagram for pattern recognition in the Neural Network. 
.  
Figure 11, block diagram for Neural Network Simulation 
 
Fig.12 shows pattern recognition for a sample load using the 
Neural Network shown in fig. 11. 
 
 
Figure 12, Load Type (Printer, Laptop...Etc.) vs. Load Characteristic (watt) 
 
 
Defining phantom loads is the main purpose of the load type 
identification. The difference in power consumption for a 
specific loads will indicate whether the load is in the ON/OFF 
or  Standby mode. With load location identified, the NILM 
will have additional information to accurately indentify the 
type of load. 
IV. CONCLUSION 
In this paper, smart home technologies are being introduced 
to conserve energy in the built environment. The load location 
and identification methods by the TDR and NILM technologies 
will reduce hardware additions to existing electrical circuitry. 
 Preliminary results from the simulations indicate that a 
possible sensor technology can be developed to upgrade 
existing electrical systems. This will reduce cost of upgrading 
and increase energy efficiency in the built environment. 
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